Abstract -Research on ill-defined problem solving and design thinking is rich but spread across diverse disciplines. Some of the signature work had been done over previous decades by cognitive scientists while other work, such as research on design thinking, is more recent. During this special session, our goal is to present and discuss this literature with engineering educators who are interested in researching ill-defined problem solving and related ways to support student learning in their classrooms. As we examine these studies within the context of engineering, we will introduce key theories such as cognitive dissonance. We will also discuss how these studies inform teaching and student learning.
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GOALS OF THE SESSION
There are four goals of the session:  Generate a list of research questions & instructional challenges faced by engineering faculty when teaching through design projects.  Discuss various cognitive theories that help describe how people solve ill-defined, open-ended problems and apply these theories to classroom tasks.  Present research on engineering students' approaches to solving ill-defined problems.  Engage participants in active problem solving to promote discussion of challenges students face and methods to help them overcome these challenges without sacrificing novelty.
SESSION RATIONALE
During the course of problem solving, one general goal is to resolve cognitive dissonance stemming from challenges associated with the problem. During open ended or illdefined problem solving this can be particularly difficult because neither the process by which the problem should be solved nor the solution is clearly defined. These types of problems are a mixed bag for the inexperienced student yet they are critical to developing innovative habits of mind, and learning to scope ill-defined problems, generate creative solutions, and detail a plan of action from scratch. However, experiencing so much ambiguity at once can be daunting, perhaps leading to disengagement. Simultaneously, adding too much support (i.e. specific examples of solutions) can hinder the creative design process by removing student responsibility for developing unique solutions. Finding the right balance of instructor support so as not to eliminate novelty and maintain fidelity to the ill-defined problem is essential to student learning.
SESSION DESCRIPTION
The session will start by asking teams of participants to generate a list of instructional challenges they face when teaching design. After a brief review of relevant literature and learning theories that help explain these instructional challenges, we will involve participants in an ill-defined problem solving task. We will provide half of the participants with milestones to meet during the problem solving task but not provide these for the other half. We will engage the participants in the ill-defined task for thirty minutes. Every 10 minutes, the participants will also record 5 challenges they face when working on the problem. We will then compare the data collected during the session with the data we collected from students. To prompt reflection, we will ask participants to reflect on their own processes, specifically addressing the potential overlap with the challenges student face during design problems and ways to develop milestones that can be applied across engineering domains.
SESSION AGENDA
The session will involve a variety of activities including collaborative group tasks and reflections as well as authors' presentations on theory and research
Introductions:
The authors will provide a brief introduction of themselves. (5min). Also, in small groups, participants will introduce themselves to each other and generate a list of instructional challenges they face when teaching design. (10 min)
Review of Literature:
The authors will link the challenges the participants generated to current literature on problem solving in the engineering classroom and theories of learning and cognition. PowerPoint slides will be used. (15 min) Reflection: There will be a discussion on student challenges and instructional strategies that can help scaffold student learning. (20 min)
LITERATURE REVIEW
While engineering students commonly engage in ill-defined problem solving through design-based instruction, research on when and how to support student engagement and learning during ill-defined problem solving in design is limited. Moreover, assessing student learning in designbased learning environments is a well-known challenge [1] .. Prior research on design problem solving provides some insights on the cognitive challenges people face when solving ill-defined problems. These studies have examined the processes problem solvers follow in developing a solution [2, 3] and compared expert problem solving process with the processes and solutions of novice designers [4] . Still, there exists need for future research into how the results of these studies can be explained by learning theories and translated into classroom practices.
We will review various theories such as cognitive dissonance, which help explain student challenges. Cognitive dissonance is the state when a learner holds inconsistent cognitions (e.g., between behavior and beliefs) [5, 6] . Learning theorists suggests this state creates a psychological discomfort which motivates the learner to resolve anomalies between existing beliefs and new data [7] , or can be uncomfortable enough to lead to deeply engrained misconceptions [8] . One way of dealing with dissonance is altering the importance of various cognitions. Additional ways of dealing with dissonance are adding consonant cognitions or subtracting dissonant cognitions. These methods reduce the possibility of disengagement and increased emotional attachment to error in thinking or strategy use.
The 30 minute design task we developed will help demonstrate how cognitive dissonance occurs during illdefined problem solving and facilitate discussions on student learning and ways to reduce students' cognitive dissonance.
ANTICIPATED AUDIENCE
Our anticipated audience includes engineering instructors, social scientists, engineering educators, faculty, and graduate students.
EXPECTED OUTCOMES & FUTURE WORK
A key expected outcome of this session for the participants is an increased understanding of how research and theories can inform classroom applications. We also hope that this session will inspire future collaborations among the participants.
